Introduction: As members of the Japan Disaster Relief ( JDR) team in Banda Aceh, three of the authors treated 1,891 patients following the tsunami of 2004. Of the 367 cases with traumatic injuries, 216 cases required antimicrobial therapy. The medical services were continued by the Japan Self-Defense ( JSD) Medical Team until mid-March 2005. Of the 216 cases initially treated by JDR, 54 required prolonged antimicrobial therapy for persistent symptoms despite repeated debridement. The aim of this study is to recommend an appropriate antimicrobial therapy for water-associated wound infections in the absence of laboratory services in disaster settings following tsunami. Methods: The JDR and JSD treatment records were analyzed retrospectively. In August 2006, 19 months after the tsunami, the authors investigated pathogens in natural aquatic habitats in the affected area in Banda Aceh. At the same time, interviews with tsunami survivors were performed to determine the influential factors that facilitated wound infections after the tsunami.
Introduction
The tsunami that occurred in the Indian Ocean on 26 December 2004 killed >275,000 people. 1 Indonesia's Aceh Province sustained the greatest damage; according to the Indonesian government's estimates, 129,775 individuals perished, 38,786 people were lost, and 504,518 others were displaced following the earthquake and tsunami. 2 Many survivors were injured by the debris caused by the tsunami. Since the traumatic wounds were exposed to and submerged in water, the wounds were contaminated. Therefore, even in minor wounds, the risk for the development of infection was considerably high. [3] [4] [5] [6] [7] From 02 January to 19 January 2005, the Japan Disaster Relief ( JDR) medical team provided medical care services in Banda Aceh. During this period, this team, which included three of the authors, treated 1,891 patients during that period. Among these, there were 367 cases with traumatic injuries. Of these, 216 (59%) received antimicrobial therapy. Debridement was performed for 45 cases, and the delayed primary closure (DPC) principles were followed. During this period, as many as 10 cases demonstrated no improvement with-crobial agents using the Antimicrobial Susceptibility Disc (Oxoid, UK) on nutrient agar media. The breakpoint interpretive criteria used were those established by the National Committee for Clinical Laboratory Standards. 8 The antimicrobials that were tested were: (1) penicillin; (2) ampicillin; (3) ampicillin-clavulanate; (4) erythromycin; (5) chloramphenicol; (6) tetracycline; (7) gentamicin; (8) cotrimoxazole; (9) cefalotin; (10) cefuroxime; (11) ceftriaxone; (12) clindamycin; (13) ciprofloxacin; (14) oxacillin; and (15) methicillin.
Retrospective Analyses of Treatment Records
The paper medical records of the JDR and JSD medical teams were converted into an electronic database and analyzed retrospectively using SPSS 16.0 (SPSS, Inc., Chicago, IL). The major variables used in the analyses were: (1) patient age and sex; (2) major symptoms; (3) conditions of the wound; (4) wound location; (5) care and antimicrobial agents administered; and (6) duration of antimicrobial therapy. In this study, wound was defined as an injury involving a cut or break in the skin. Additionally, when a wound had purulent discharge and showed signs of infection, such as pain or tenderness, localized swelling, and redness or heat, the JDR surgeon and physician recorded this wound as "wound infection" in the medical records.The t-test, chi-square test/Fisher's exact test, and Mann-Whitney U-test were applied for assessing the results.
Key-Informant Interviews
In order to determine the factors that facilitate wound infections from the perspective of living conditions immediately after the tsunami, 14 tsunami survivors who had sustained injuries were contacted and interviewed in August 2006. The main questions included in the interviews were: (1) the water used for bathing during the time of the injury; (2) the duration until recovery; (3) the nutritional status; and (4) the outcome of the injury. The language of communication was Aceh, the local language. The dialogues were translated into Japanese and recorded by one of the authors.
Results

Bacteria in the Natural Aquatic Environment
A total of 73 colonies of gram-negative bacteria were isolated from the 49 water samples tested; all the bacteria were observed to be bacilli. From all of the water sources, aeromonads, vibrio sp., and klebsiella sp. were isolated. In regard to the contaminated level in terms of isolated bacteria, no considerable differences in isolated bacterial species were observed between sources, except for proteus sp., which was found more in sewage than in other sources. Of the 49 samples, 24 strains (49%) were aeromonads. Further, vibrio sp., klebsiella sp., and proteus sp. were isolated from 16, 15, and six samples, respectively (Tables 1 and 2) .
Regardless of the genus of the bacteria, all the isolated gram-negative bacilli were sensitive to ciprofloxacin and gentamicin. In addition to ciprofloxacin and gentamicin, efficacious antimicrobial agents against each genus were indicated. Isolates of aeromonas sp. were susceptible to ceftriaxone (a third-generation cephalosporin); however, they were resistant to other antibiotics such as ampicillin, amoxicillin, cotrimoxazole, and cefalotin (a first-generation cephalosporin). Vibrio in the first five days of antimicrobial therapy with concomitant care such as cleaning and dressing. An unusual etiology such as gram-negative bacteria was suspected; however, there was no access to any laboratory services except for the examination of blood for the presence of malarial parasites using rapid diagnostic test kits. The medical care services provided by the JDR team were continued by the Japan Self-Defense ( JSD) medical team until mid-March 2005.
The authors wondered which pathogens were the major causes of the infections and the emergence level of antimicrobial-resistant strains. Further, knowing the outcomes of the patients treated by the JSD medical team was crucial. The present study was conducted to answer these questions and to recommend appropriate antimicrobial agents for the treatment of wound infections encountered following the tsunami in the Indian Ocean region,when laboratory cultures were unavailable.
Methods
The Ethical Committee of Health Research at Kanazawa University approved this study.
Microbiological Tests of the Natural Aquatic Environment
In August 2006, 19 months after the tsunami, 49 water samples were collected from sea, rivers, sewage, wells, and swamps in four of the most severely affected areas in Banda Aceh ( Figure 1 and Table 1 ); the number of collected samples from each water source was 8, 9, 11, 10, and 11, respectively. Bacteriological tests were performed at the laboratories of Zainal Abidin Hospital. After isolating colonies of gramnegative bacteria through primary and secondary cultures by using blood agar, MacConkey's agar, and thiosulfate-citratebile salts-sucrose (TCBS) agar, species identification of the isolated bacteria was performed using Microbact Oxidase strips, Microbact GNB 24E, and the Microbact program for Windows (Oxoid, UK). Antimicrobial susceptibility tests for the isolated strains were performed with 15 types of antimi- 
Retrospective Analyses of Treatment Records
Patient and clinical characteristics are summarized in Table 3 . The major symptoms categorized under "Cases without traumatic wounds" are acute respiratory tract infection (ARI), sinusitis, and diarrhea. The average age of the patients with sp. were sensitive to cotrimoxazole. Klebsiella pneumoniae was sensitive to cotrimoxazole and cefuroxime (a secondgeneration cephalosporin). Escherichia coli was sensitive to cefuroxime and ceftriaxone. Proteus sp. was sensitive to cefalotin, cefuroxime, and ceftriaxone (Table 2) . Table 1 -Gram-negative bacilli isolated from the sampling sites Note: Several types of bacteria were isolated from some samples of the sites; therefore, the total number of isolated bacteria exceeds the number of samples. Aeromonas sp. The mean treatment duration of the patients with traumatic wounds and that of those without traumatic wounds was 5.1 and 2.0 days, respectively (p <0.001). Of the cases with traumatic wounds, 216 (59%) cases were administered antimicrobial agents, while 244 (16%) of the cases without traumatic wounds were administered antimicrobial agents (p <0.001). The average duration of antimicrobial therapy among the cases with traumatic wounds was significantly longer (5.8 days) than that in the other patients (3.1 days; p <0.001).
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The anatomic areas of wounds and their status regarding infection are indicated in Table 4 . The most frequently identified area was the leg, and leg wounds were more likely to be infected (odds ratio (OR), 1.74; exact confidence limit (ECL), 1.10-2.76) than were wounds in the other traumatic wounds was 33.1 years with a range of 0-84 years, while that of the other patients was 31.4 years with a range of 0-90 years. Of the 367 cases with traumatic wounds, 121 (33%) received an initial treatment at the JDR clinic before 05 January 2005. Of the other 1,524 cases (the patients without traumatic wounds), a total of 309 patients received treatment before 05 January 2005 (20%; p <0.001). Of the 367 cases with traumatic wounds, 211 (57%) cases had infections. Of the cases taken over by the JSD team, 54 had traumatic wounds (15%) and 65 (4%) were in the "other" category (p <0.001). According to JSD records, of these 54 cases, 45 (12%) patients required antimicrobial therapy for >7 days, and 16 (4%) of them received antimicrobial therapy for >14 days.The longest duration of antimicrobial therapy was 36 days. 
Discussion
Pathogens of the Wound Infections
The results of this study indicate that gram-negative bacilli, which have the potential to cause wound infections, are present in the aquatic environment in the tsunami-affected areas. Of the gram-negative bacilli, the three most frequently isolated bacteria in this study were aeromonas sp. (49%), vibrio sp. (33%), and K. pneumoniae (31%). Although it is difficult to conclude that the pathogens of the persistent wound infections were these three bacterial species, a previous study indicated that the distribution pattern of the pathogens in the aquatic environment was similar to that of the isolated pathogens from the tsunami survivors in southern Thailand, i.e., aeromonas sp. (23%), E. coli (18%), and K. pneumoniae (15%). 4 Furthermore, there were several case reports of infections due to gram-negative bacteria among the tsunami victims. [9] [10] [11] Of the gram-negative bacteria, aeromonas is one of the most frequently reported causal pathogens of soft tissue infections. 12, 13 However, since aeromonas wound infections generally progress rapidly, resemble streptococcal soft-tissue infections, and tend to invade deeper structures, 12 Aeromonas hydrophila frequently is overlooked as the etiological agent of skin and soft tissue infections. 14 Several researchers have suggested that A. hydrophila may be presumed as a causal pathogen when gram-negative bacilli are recovered from infected wounds and the patient has a history of water submersion. [12] [13] [14] In addition to aeromonas, staphylococci, and streptococci also are commonly isolated from wound infections exposed to freshwater. 7 Furthermore, in marine-associated wounds, the most common pathogens were vibrio alginolyticus, V. parahemolyticus, and S. aureus. 12 Proteus sp. were found in the current samples from sewage; it is known to be one of etiological pathogens of wound infections. 15 Considering that a large area of Banda Aceh was inundated by the tsunami (Figure 1 ) and the water reached at a point that was 3.3 km away from the seashore, 16 the tsunami wave was a mixture of freshwater, seawater, sewage, soil, and debris. Therefore, it is possible that staphylococci, streptococci, vibrio sp., and proteus sp. were etiological agents that were present simultaneously, i.e., a polymicrobial infection. In fact, it has been reported that 72% of tsunami survivors in southern Thailand had polymicrobial infections. 4 Physicians should be aware of these pathogens-aeromonas, staphylococci, streptococci, vibrio sp., and proteus sp.-as possible etiological agents of water-associated wound infections.
Continuous Exposure to Gram-Negative Bacilli
Key-informant interviews indicated that patients and survivors repeatedly were exposed to pathogens, particularly gram-negative bacilli, when they were bathing at the shelters.The survivors mentioned that they washed themselves frequently despite having wounds.The results of the microbiological tests of well water and those of previous studies [13] [14] suggest that aeromonas are ubiquitous in natural aquatic environments, including well water. Although the primary habitat of aeromonas is fresh water, they can exist in the presence of some salinity. 17 Therefore, it is most likely that the brackish well water used by the wounded patients for bathing was contaminated with aeromonas. Bathing has a religious significance for Muslims, and since the intense areas. Moreover, the wounds in the groin and/or trunk were less likely to be infected (OR = 0.50; ECL = 0.31-0.81) as compared to the other anatomic areas.
A comparison of the total duration of antimicrobial usage for new quinolones (either ciprofloxacin or levofloxacin), gentamicin, and other antimicrobial agents is in Table 5 . Furthermore, the times at which the therapy was initiated were examined. When new quinolones were used, the total duration of antimicrobial therapy was significantly longer than that in the cases without new quinolones (p <0.001). Also, the total duration of antimicrobial therapy in the cases in which gentamicin was administered was statistically significantly longer than that in the cases without gentamicin administration (p <0.001). Of the 25 cases in which the new quinolones were used, when the quinolones were administered within three days of the initiation of treatment, the average duration of the antimicrobial therapy was seven days; significantly shorter than that for the other cases (p <0.001). In the case of gentamicin, the timing of the initiation of treatment did not affect the duration for which the treatment was required.
Key-Informant Interviews
According to the key-informant interviews with the tsunami survivors who still inhabited the affected areas, the well water became brackish and colored after the tsunami. The situation has not changed, and the poor condition of well water had persisted until the time of this study. The survivors wondered about the reason for the long time period required for curing their minor wounds. Major comments from the interviews are as follows: When new quinolones are used, several points should be considered. Photosensitivity is expected to be a major side effect when patients have lost their accommodations and have no effective measures to protect themselves from strong sunlight; this is pertinent, particularly in tropical zones. Moreover, these new quinolones should be avoided in pregnant women and children, unless their benefit is higher than the risk of use. Since some aeromonas sp. are sensitive to cotrimoxazole, 7, 12, 14 cotrimoxazole can be substituted with quinolones for children. Finally, if medical teams or clinics only provide services to ambulatory patients, oral medication would be preferred to injections.
Since beta-lactam penicillins showed their efficacy in a majority of cases, new quinolones cannot be recommended as a first regimen without definitive evidence from gram staining. To prevent the acceleration of the emergence of antimicrobial resistance, when clinical microbiological tests are unavailable, the first choice of empirical antimicrobial use would continue to be ampicillin and amoxicillin.
Limitations
Although the results of this study cannot be generalized to all water-associated wound infections in the rest of the world, the study results are consistent with previous studies by different researchers in different areas. Particularly, as Auerbach reported, aeromonas commonly are found in aquatic environments in the United States. 13 
Conclusions
Physicians should be aware of aeromonas, staphylococci, streptococci, vibrio sp., and proteus sp. as possible etiological agents of tsunami-associated wound infections. The following regimen for patients with traumatic wounds exposed to fresh and/or brackish water when clinical microbiological tests are unavailable is recommended: initial treatment with beta-lactam penicillins for three days, followed by new quinolones such as ciprofloxacin or levofloxacin if the first antimicrobial agent is not effective, with the addition of gentamicin if necessary, and with sufficient caution regarding the use of the new quinolones. College of Medicine, for clinical advice on the early draft. Finally, they especially thank the tsunami survivors and the medical doctors for their participation in the key-informant interviews and focus group discussions. tropical weather in these regions requires bathing, it may not be wise to stop the patients from bathing; instead, appropriate water treatments such as chlorination should be considered to make the water suitable for bathing.
In addition, many of the tsunami victims who were submerged in water lost their footwear; as a result, being barefoot in following days may have exacerbated the infections. At the JDR clinic, plastic bags were used to cover the feet and legs of patients when the wound was located in the lower limbs; however, the effectiveness of this procedure could not be evaluated.
These are important lessons from a clinical viewpoint as well as from the perspective of public health. The various agencies and groups involved in medical relief activities should consider these points to avoid exposing survivors to pathogens.
Antimicrobial Therapy in a Disaster Setting
A considerable number of patients who received care at local health facilities and later visited the JDR clinic had wound infections. Subsequently, the removal of sutures, cleaning, debridement, and surgical drainage were performed while fulfilling DPC principles at the JDR clinic. The major reason for the protracted course of healing was the antimicrobial sensitivity of the etiological pathogens.
In a disaster setting, particularly in developing countries, it is difficult to access laboratory services. In the case of the 2004 tsunami, the JDR team was dispatched without any laboratory capabilities; even gram staining was not available. Thus, all of the antimicrobial agents were used empirically. Generally, empirical therapy for wound infections is directed against staphylococci and streptococci. 14 Since the JDR team had a limited stock of ampicillin-sulbactam, ampicillin and amoxicillin mainly were used for the empirical therapy. These antimicrobial agents may not be effective against aeromonas sp., vibrio sp., and proteus sp. But, the results indicated that these antimicrobial agents worked effectively in the majority of the cases. This is consistent with the report of the University of Indonesia, 18 in which some methicillin-sensitive streptococci and staphylococci were found to be sensitive to amoxicillin.
The results of the antimicrobial susceptibility tests of gram-negative bacilli showed that ciprofloxacin and gentamicin were efficacious antimicrobial agents. Furthermore, the earlier the initiation of ciprofloxacin or levofloxacin therapy, the shorter is the duration of the treatment. Generally, aeromonas sp. are sensitive to third-generation cephalosporins, cotrimoxazole, and ciprofloxacin. Further, vibrio vulnificus is sensitive to these antimicrobial agents. 7, 14, 19 
